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Introduction
Objective in root canal preparation is to develop a shape that tapers from apical to coronal, maintaining the original canal shape. 1 With advent of Instruments manufactured from nickel titanium alloys (NiTi), 2 there was signifi cant improvement of quality of root canal shaping, with predictable results and less iatrogenic damage, even in severely curved canals. 3 Recently a new concept for NiTi files has recently been introduced with asymmetric cross sections that fi nish root canal shaping.
The fi fth generation single fi le system, OneShape (OS) fi le (Micro Mega, Besancon, France) is few single fi le instruments used in continuous clockwise rotational motion for quick and safe root canal preparation. The OS fi le has an asymmetric cross-sectional geometry that generates traveling waves of motion along the active part of the fi le. 4 The ProTaper Next (PTN) (Dentsply Maillefer, Ballaigues, Switzerland) is another NiTi fi le system; which has three signifi cant design features, including progressive percentage tapers on a single file, M-wire technology, and the fifth generation of continuous improvement, the off set design which in turn decreases the dangerous taper lock and screw eff ect by minimizing the contact between a fi le and dentin. 5 Revo S (RS) is a sequence of 3 NiTi with an asymmetric cross section which facilitates penetration by a snake like movement and off ers root canal shaping which is adapted to biological and ergonomic imperatives. This sequence has debris elimination, cutting and cleaning cycle which improves root canal cleaning by facilitating upward removal of generated dentin debris. 6, 7 In order to investigate the efficacy of instruments and techniques developed for root canal preparation, numerous methods have been used to evaluate the canal shape before and after instrumentation. Cone-beam computed tomography (CBCT) imaging is a non-invasive technique for analysis of canal geometry and effi ciency of shaping techniques. Using CBCT it becomes possible to compare the an anatomic structure of root canal before and after root canal preparation. 1, 8, 9 The present study was set out to determine canal centering ability, transportation and curvature using fi fth generation NiTi rotary systems as mentioned above.
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Materials and Methods
Inclusion criteria
Curved mesial roots of mandibular molars extracted because of reasons irrelevant to this investigation such as periodontitis, grossly decayed teeth, etc. Radiographs of teeth in both the buccolingual and mesiodistal directions were taken for selecting the right samples. Teeth with two separated mesial canals and no signifi cant calcifi cations were included.
Exclusion criteria
Teeth with open apex, root curvature below 20°, as well as above 40° and thin narrow calcifi ed canals.
A 60 teeth were mounted in an acrylic block keeping their apices open in order to allow their scanning for morphometric evaluation of the pre instrumented root canals by using CBCT imaging, (i-CAT, Insight CBCT Centre, Mumbai). Canal curvature angles of the teeth were measured according to Schneider. 10 The specimens were allocated to 1 of 3 groups (n = 20) based on the canal curvature angle. Teeth were accessed with a diamond bur, and the working length determination of mesiobuccal canals was determined by inserting a size 10 K-type fi le to the root canal terminus and reducing 1 mm from this measurement. A glide path was performed via a size 15 K-type fi le. RC Help (Prime Dental Products Pvt. Ltd.) was used in all canal preparations, and the root canal was irrigated with 2 ml 2.5% sodium hypochlorite solution after change of each instrument. Use of each instrument was restricted to four canals only. Apical preparation was completed with a size 25 instrument by using the instrument order specifi ed by the manufacturer.
The preparation sequences were as follows: 1. Group 1: OS fi le having a taper of 0.06 and a size of 25 was used with in and out movements without pressure at a rotational speed of 400 rpm along with torque values of 400 gcm. When apical resistance was encountered, the instrument was removed and cleaned, and the root canal was irrigated 2. Group 2: PTN fi les were used with the sequence PU SX, PTN X1, and X2 at a rotational speed of 300 rpm along with torque values of 200 gcm. Each fi le was used with a brushing motion similar to the PU fi les 3. Group 3: RS was used with slow and unique downward movement in free progression and without pressure (up and down movement) with a rotation speed ranging between 250 and 400 rpm.
After instrumentation, specimens were scanned under the same conditions as initial scans and the post-operative images were captured in the same way as mentioned before. Canal curvatures of samples were measured with the same protocol. Crosssectional planes of images at 2, 5, and 8 mm from the apical end of the root were analyzed before and after instrumentation for transportation and centering ratio. Transportation at each level was calculated using the following formula:
The canal centering ratio at each level was calculated using the following formula:
x1 and x2 showed the shortest mesial distances from the outside of the curved root to the periphery of the un-instrumented and instrumented canal, respectively, and y1 and y2 represented the shortest distal distances from the outside of the curved root to the periphery of the un-instrumented and instrumented canal, respectively (Figure 1a and b) . The smallest distance from the outer periphery of the curved root to the periphery of the instrumented canal was also recorded. The distribution of teeth among the three groups for pre-instrumentation canal curvature was assessed by using analysis of variance (ANOVA). Changes in canal transportation and centering ratio data were analyzed using the Kruskal-Wallis ANOVA which showed statistical signifi cant diff erence and pairwise comparison was done by Mann-Whitney U-test. The signifi cance level was set at P = 0.05. Statistical analysis was performed with SPSS statistics version. Table 1 shows the pre-and post-instrumentation curvature of curved canals.
Results
No fi les fractured during the study. There was no signifi cant diff erence among the three groups in canal curvature (Table 1 and Graph 1). The RS showed least canal transportation and better centering ability at 2 mm as compared to PTN and OS (Tables 2 and 3 , Graphs 2 and 3). 
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Discussion
NiTi rotary instruments are important in endodontics because of their ability to shape root canals with minimum complications. 12 As the rotary NiTi instruments maintained the original canal curvature, particularly in the apical region of the root canal better than stainless steel hand instruments, studies compared the shaping ability of diff erent rotary NiTi systems with diff erent designs.
In this study, an evaluation on the eff ects of three newly developed file systems belonging to the fifth generation that have different cutting blade designs, metallurgies, manufacturing process along with sequence and number of fi les on the parameters of canal transportation, centering ratio, and canal curvature by using CBCT imaging was performed.
In previous studies, two experimental models were usually preferred: Simulated canals vs. extracted teeth. Using extracted teeth has an advantage over resin blocks because they provide conditions closer to clinical situations. 13 Even the hardness and abrasion behavior of acrylic resin and root dentin are not identical, 14 and the heat generated may soften the resin material. 15 Therefore, we used extracted teeth in this study to compare the shaping ability of rotary NiTi instruments which were used to provide clinical conditions.
The distribution of the three groups with respect to canal curvature showed no statistical signifi cant diff erence ( Table 1) . The curvatures of root canals ranged between 20° and 40°. Changes in canal curvature after the use of the diff erent NiTi fi le systems were not statistically signifi cant. This is in agreement with the fi ndings of previous studies. [16] [17] [18] [19] All the instruments 
Graph 2:
Comparison of three groups (A, B, C) with respect to transportation scores at 2 mm, 5 mm, and 8 mm.
Graph 3:
Comparison of three groups (A, B, C) with respect to canal centering ratio scores at 2 mm, 5 mm, and 8 mm.
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have non-cutting tips that work with minimal apical pressure and function only as a guide to allow easy penetration. 15 Single-fi le shaping technique may simplify instrumentation protocols and avoid the risk of cross-contamination. Moreover, the use of only one NiTi instrument is more cost-eff ective, and the learning curve is considerably reduced. Numerous studies comparing the shaping ability of single-fi le systems and conventional ones using a full range of instruments have shown, similar to our study, that both systems result in suitable preservation of the original canal shape. [20] [21] [22] One of the study showed canals prepared with the F360 and OS systems were better centering ability viz., with the Reciproc and WaveOne systems. 23 Our results showed no signifi cant diff erence at 5 mm and 8 mm with all three systems. Single fi le system is as convenient as a multiple fi le system.
To check center of mass and/or the center of rotation, the fi fth generation of shaping files has been designed. To generate mechanical wave of motion that travels along the active length of the fi le in rotation, the fi les that have an off set design are useful. This off set design serves to further minimize the engagement between the fi le and dentin. 24 PTN fi les were used in sequence: PU SX followed by X1 (17/0.04), X2 (25/0.06). Revo-S NiTi instrument system includes three shaping instruments: the shaping and cleaning instrument (SC) number 1 (SC1) (#25/0.06), SC2 (#25/0.04), and the universal shaper (#25/0.06) which was used. The OS fi le from Micro-Mega (Besançon, France) is the only single-fi le NiTi instrument in continuous rotation available as (#25/0.06) for root canal preparations.
One of the study suggests, newly manufactured rotary systems with size 25 and a taper of 0.06 (PN, TFA, OS) or 0.08 (WO, R, PU) could be used in curved canals because of minimal transportation. 25 We found that the RS system with a constant 0.06 taper removed less dentin in apical third than the PTN instrument (0.06 taper at the apical 2 mm) and OS (with 0.06 taper). Some authors emphasize that several factors may aff ect fl exibility and performance of rotary instruments. One study found increased tendency for canal transportation as diameter of fi le is increased, 26 while other referred taper to be one of the factor responsible for canal transportation and suggested that Protaper Universal F3 and F4 to be used with caution owing to taper. 27 Further it has been said that, NITi fi les with tapers more than 0.06 should not be used for the apical enlargement of curved canals, because of stiff ness of the fi les. 28, 29 The comparable apical transportation was less and mean centering ability was superior of RS at 2 mm which may be due to asymmetrical cutting profi le of RS which facilitates penetration by a snake like movement and off ers a root canal shaping and apical fi nishing that is closely adapted to the anatomical and ecological criteria of the canal. Probably, other than above mentioned reason, RS has one cutting edge which makes it less aggressive as compared to others. Further, studies are required to understand the benefi ts of each fi le system.
Conclusion
This study showed that the three different file systems straighten root canal curvature similarly and RS was seen to maintain canal centricity along with less transportation at 2 mm followed by OS and PTN which may contributed to improved helical angle, adapted pitch and positive rake angle. CBCT is a good visualizing aid. 9 
